
1- . . - .  
. . .  

P 
i t  

BELLCOMM, I N C .  

SUBJECT: Selection of a Digital 
Computer t o  Support ATM 
Functions - Case 620 

ABSTRACT 

DATE: September 4, 1968 

FROM: P. S. Schaenman 

The digital computer requirements f o r  the Apollo 
Telescope Mount could be met by the LM Guidance Computer. 
However, a small, new digital computer dedicated solely to 
ATM requirements would provide more comfortable design 
margins and make the hardware and software management easier. 
Since the AGC approach does not appear to offer any signif- 
icant cost advantage over the "new computer" approach, it 
is recommended that a small, new computer be purchased. 
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SUBJECT: S e l e c t i o n  o f  a D i g i t a l  
Computer t o  Suppor t  ATM 
F u n c t i o n s  - Case 6 2 0  

MEMORANDUM FOR FILE 

DATE: September  4 ,  1 9 6 8  

mh!: P .  S .  Schaenman 

I n  e a r l y  J u l y  1968 ,  Bellcomm r e c e i v e d  a r e q u e s t  f rom 
John  D i s h e r ,  MLD, t o  ass i s t  MLT i n  recommending whether or n o t  a 
new computer s h o u l d  be pu rchased  t o  s u p p o r t  A p o l l o  T e l e s c o p e  Mount 
f u n c t i o n s .  The p r i n c i p a l  a l t e r n a t i v e s  t o  a new computer were: 
u s e  t h e  LM Guidance Computer; use t h e  Abort  Guidance Computer 
( a l s o  i n  t he  LM); or buy a n  a d d i t i o n a l  copy o f  a n  Apo l lo  Guidance 
Computer*, and mount i t  on t h e  ATM-Rack. 

A p r e l i m i n a r y  o r a l  r e p o r t  was g i v e n  by  Bellcomm a t  
H .  L u s k i n ' s  s t a f f  mee t ing  on July 1 0 .  T h i s  was f o l l o w e d  by  a 
mee t ing  a t  MSFC on J u l y  2 3  w i t h  ATM p r o j e c t  management and GStN systems 
management.** 
John  D i s h e r  on J u l y  26.** 
m e e t i n g  can  be summarized as f o l l o w s :  1) t h e  LM Guidance Computer 
was f u n c t i o n a l l y  a d e q u a t e  ( i . e , ,  enough memory, speed and 1/01 f o r  
t h e  ATM j o b ;  2 )  a new computer would p r o v i d e  more f l e x i b i l i t y ,  
b e t t e r  r e l i a b i l i t y ,  eas ie r  management, l e s s  s o f t w a r e  development  
p rob lems ,  l e s s  s c h e d u l e  d i f f i c u l t i e s  t h a n  u s i n g  t h e  LM Guidance 
Computer; 3 )  p u r c h a s i n g  a new computer would n o t  c o s t  more t h a n  
u s i n g  t h e  LM Guidance Computer, and p o s s i b l y  would c o s t  l e s s ;  
4) t h e  Abort  Guidance Computer was n o t  a d e q u a t e  f o r  t h e  ATM j o b ;  
5 )  u s i n g  a n  a d d i t i o n a l  copy of t h e  A G C  would be more e x p e n s i v e  
t h a n  t h e  o t h e r  a l t e r n a t i v e s ,  w i t h  f e w  a d v a n t a g e s .  

A f i n a l  o r a l  r e p o r t  was g i v e n  a t  a m e e t i n g  w i t h  
Bellcomm's p o s i t i o n  a t  t h e  l a t t e r  

It was t h e r e f o r e  recommended t h a t  a new computer be pu r -  
chased  f o r  u s e  on t h e  ATM. 

BACKGROUND 

On A p r i l  2 7 ,  1967, MSFC asked C .  Mathews, ML, t o  a u t h o r i z e  
a n  a d d i t i o n a l ,  new computer  f o r  t h e  ATM. The computer  was t o  be 
one  o f  t he  IBM 4n-series pu rchased  on a s o l e  s o u r c e  c o n t r a c t .  I n  
June 1967, M r .  Mathews a g r e e d  t o  t h e i r  r e q u e s t .  Meanwhile, MSFC 
d e c i d e d  t o  go t h r o u g h  a c o m p e t i t i v e  r a t h e r  t h a n  s o l e  s o u r c e  p ro -  
cu remen t .  A p rocurement  s p e c i f i c a t i o n  was g e n e r a t e d  i n  September 
1967 and r e v i s e d  i n  F e b r u a r y  1968 .  A number of c o n t r a c t o r s  

*The Lunar Module Guidance Computer ( L G C )  and Command Module 
Computer (CMC)  a re  b o t h  t h e  same t y p e  o f  machine,  a n  MIT Block I1 
A p o l l o  Guidance Computer ( A G C ) .  

**See Appendix for l i s t  o f  a t t e n d e e s .  
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* 

s u b m i t t e d  p r o p o s a l s  and these  were d i s c u s s e d  on J u n e  28 ,  1968 
w i t h  N A S A  H e a d q u a r t e r s .  T h i s  mee t ing  r e s u l t e d  i n  N A S A  H e a d q u a r t e r s  
a s k i n g  MSFC t o  re-examine whe the r  t h e  LM Guidance Computer c o u l d  
be used  i n  l i e u  o f  a new computer ,  g i v e n  r e c e n t  AAP s c h e d u l e  
r e v i s i o n s  and t h e  p o t e n t i a l  t r a n s f e r  of AAP-LM management to 
MSFC. On J u l y  11, 1968,  MSFC responded w i t h  a TWX t o  H.  Lusk in  
g i v i n g  t h e i r  r e a s o n s  why t h e  LM Guidance Computer s h o u l d  n o t  be 
used .  B e l l c o r m ' s  t e c h n i c a l  o p i n i o n  was sough t  a t  t h a t  t ime.  

EXPLANATION OF THE RECOMMENDATION 

MSFC i d e n t i f i e d  t h e  f o l l o w i n g  f u n c t i o n s  f o r  a n  ATM d i g i t a l  
computer  : 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8 .  

9 .  

10. 

11. 

o r b i t a l  p l a n e  u p d a t e  commands, 

exper iment  roll r e f e r e n c e  c a l c u l a t i o n s ,  

e a r t h  o c c u l t a t i o n  computa t ions ,  

c l u s t e r  o c c u l t a t i o n  computa t ions ,  

a u t o m a t i c  g r a v i t y  g r a d i e n t  d e s a t u r a t i o n  computa t ions  , 
momentum o r i e n t a t i o n  management c o m p u t a t i o n s ,  

LM d i s p l a y  d r i v i n g ,  

pseudo-minimum a x i s  of i n e r t i a  computa t ions ,  

d i g i t a l  t e l e m e t r y  b u f f e r ,  

m i s s i o n  t i m e  computa t ions  and 

s u n r i s e - s u n s e t  p r e d i c t i o n .  

These  f u n c t i o n s  were descr ibed  i n  d e t a i l  i n  t h e  procurement  s p e c i -  
f i c a t i o n s  f o r  t h e  ATM d i g i t a l  computer da ted  Februa ry  27 ,  1968.  

MSFC has estimated t h a t  t hese  f u n c t i o n s  w i l l  r e q u i r e  
3500-5000 computer  words,  rough ly  2 4  b i t s  e a c h .  Using t h e s e  
es t imates ,  w e  can  e l i m i n a t e  t h e  Abort  Guidance Computer from 
f u r t h e r  c o n s i d e r a t i o n ,  because  i t s  4000 word, non-expandable 
memory l e a v e s  t o o  l i t t l e ,  if any, marg in  a t  t h i s  e a r l y  s tage o f  
r e q u i r e m e n t s  d e f i n i t i o n .  

The Apol lo  Guidance Computer was d e s i g n e d  to be c o o l e d  
u s i n g  a c o l d  p l a t e .  S i n c e  equipment mounted on t h e  ATM-Rack must  
be  r a d i a t i o n  c o o l e d ,  t h e  computer would have to be r epackaged  and 
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r e q u a l i f i e d  i f  a n  a d d i t i o n a l  copy of  i t  were t o  be  used  as  t h e  
ATM d i g i t a l  computer .  T h i s  e l i m i n a t e d  one o f  t h e  main a d v a n t a g e s  
for u s i n g  a n  A G C  - having  a computer a l r e a d y  q u a l i f i e d  f o r  and 
f lown on manned s p a c e f l i g h t .  When added t o  t h e  d i s a d v a n t a g e s  
g i v e n  below f o r  u s i n g  an A G C ,  p l u s  t h e  f a c t  t h a t  t h e  A G C  i s  more 
t h a n  t w i c e  as e x p e n s i v e  as a new machine would b e ,  i t  was con- 
c l u d e d  t h a t  t h i s  a l t e r n a t i v e  shou ld  a l s o  be d ropped .  The ma jo r  
t r a d e o f f  c o n s i d e r a t i o n  was t h u s  between a small, new computer  and 
u s i n g  t h e  e x c e s s  c a p a c i t y  i n  t h e  L G C .  

Memory 
4 

I n  p r e v i o u s  s t u d i e s ,  Bellcomm has est imated t h a t  a b o u t  
27 ,500  words would be c a r r i e d  o v e r  t o  AAP from Apo l lo  LGC 
programs.*  T h i s  l e a v e s  abou t  9300 words i n  t h e  LGC f o r  new A A P  
programs,  which would be  a d e q u a t e  f o r  t h e  ATM r e q u i r e m e n t s  p l u s  
some a d d i t i o n a l  programs unique  t o  A A P .  A new computer  would have 
a n  8 K  memory expandable  t o  16K, t h e r e b y  p r o v i d i n g  more c o m f o r t a b l e  
marg ins  t h a n  t h e  L G C ,  and t h e  p o t e n t i a l  for l a t e r  growth  ( f o r  
example,  t o  implement more s o p h i s t i c a t e d  we igh t - sav ing  momentum 
clumping schemes. ) 

Speed 

The LGC speed  would b e  a d e q u a t e  s i n c e  i t  can  h a n d l e  G & N  
f u n c t i o n s  t h a t  are  more complex and t ime-consuming t h a n  t h e  ATM 
f u n c t i o n s ,  and s i n c e  i t  would b e  d o i n g  no G & N  d u r i n g  t h o s e  m i s s i o n  
phases  when t h e  ATM would b e  i n  u s e .  O f  c o u r s e  t h e  new computer  
would be  s a t i s f a c t o r y  by d e f i n i t i o n ,  and would p r o v i d e  l a r g e r  
speed  marg ins  due t o  advances  t h a t  have t a k e n  p l a c e  i n  t h e  memory 
and l o g i c  c i r c u i t  a r t s .  

I n p u t  /Output  

b u i l t  between it and t h e  ATM and LM sys t ems  w i t h  which i t  w i l l  
i n t e r f a c e .  The LGC has n i n e  unused i n p u t - o u t p u t  c h a n n e l s  
(numbered as o c t a l  1 7 - 2 7 )  and 7 6  unused b u t  s c a t t e r e d  i n p u t / o u t p u t  
b i t s .  These do n o t  match the  ATM r e q u i r e m e n t s  one f o r  one ,  b u t  
c a n  be made s a t i s f a c t o r y  w i t h  t h e  a p p r o p r i a t e  m u l t i p l e x i n g  and 
s i g n a l  c o n d i t i o n i n g  i n  t h e  1 / 0  box.  The new computer would have 
many more a v a i l a b l e  1/0 c h a n n e l s ,  s i n c e  i t  d o e s  n o t  have t o  be  
t i e d  t o  t h e  LM G & N  sys t ems .  
c o n s i d e r a b l y  l e s s  complex t h a n  t ha t  for t h e  LGC. 

Any computer  used w i l l  r e q u i r e  a s p e c i a l  1/0 box t o  b e  

I ts  1/0 box would t h e r e f o r e  be 

R e l i a b i l i t y  

The LGC was d e s i g n e d  f o r  t h e  Apo l lo  M i s s i o n  and has a 
nominal  mean t i m e  between f a i l u r e s  (MTBF) o f  a b o u t  4100 h o u r s .  

*See Tab le  3 i n  "ATM A l t e r n a t i v e  M i s s i o n  S tudy :  Impact  o f  
Computer System,"  Bellcomm Memorandum f o r  F i l e ,  August 9 ,  1 9 6 8 ,  
R .  T .  K l e i n e r ,  B. H.  L i ebowi tz ,  P .  S .  Schaenman. 
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A new computer w i l l  have a nominal  MTBF o f  1 0 , 0 0 0  h o u r s .  These 
MTBF numbers p r o b a b l y  do  n o t  mean much however.  More i m p o r t a n t l y ,  
t h e r e  w i l l  p r o b a b l y  n o t  be a n y  s p a c e f l i g h t  e x p e r i e n c e  w i t h  t h e  
new computer ,  b u t  It would p r o b a b l y  have  a i r c r a f t  f l i g h t s  b e h i n d  
i t  i f  a n  o f f - t h e - s h e l f  machine i s  s e l e c t e d .  F u r t h e r ,  t h e  new 
machine w i l l  u s e  components t h a t  a re  o f  a more advanced s t a t e  
o f  t h e  a r t  and presumably  more r e l i a b l e .  The new machine would 
a l s o  be  a b o u t  ha l f  t h e  c o m p l e x i t y  ( i . e . ,  have ha l f  t h e  number o f  
p a r t s )  o f  t h e  L G C .  I n  a d d i t i o n ,  as  e x p l a i n e d  above ,  t h e  1/0 box 
o f  t h e  new computer would be l e s s  complex and  t h e r e f o r e  more 
r e l i a b l e .  On t h e  o t h e r  hand ,  t h e r e  w i l l  have been c o n s i d e r a b l e  
s p a c e f l i g h t  e x p e r i e n c e  with t h e  LGC by  t h e  t i m e  a n  A A P  ATM 
m i s s i o n  i s  f lown;  i t  s h o u l d  be t h o r o u g h l y  debuggea .  Though w e  
canno t  p rove  a n y t h i n g  abou t  t h e  r e l a t i v e  r e l i a b i l i t y  o f  t h e  two 
compute r s ,  i t  i s  t h e  judgement o f  t h e  a u t h o r  ( and  t h a t  o f  MSFC) 
t h a t  t h e  new computer w i l l  p r o v i d e  grea te r  r e l i a b i l i t y .  

One might  a s k  how we canno t  have c o n f i d e n c e  i n  t h e  LGC 
b u t  have c o n f i d e n c e  i n  t h e  Command Module Computer ( C M C )  that  
must l a s t  th roughou t  t h e  m i s s i o n ,  s i n c e  b o t h  a re  t h e  same t y p e  o f  
machine.  The answer i s  t h a t  t h e  CMC need o n l y  o p e r a t e  on t h e  way 
up and on t h e  way down, and can l i e  q u i e s c e n t  f o r  t h e  m a j o r i t y  o f  
t h e  m i s s i o n .  The ATM computer w i l l  have t o  o p e r a t e  c o n t i n u o u s l y  
t h r o u g h o u t  t h e  m i s s i o n .  

Manazement and Sof tware  ComDlexitv 

The i n t e r f a c e  between t h e  ATM and t h e  LM i s  much c l e a n e r  
w i t h  a new computer t h a n  w i t h  t h e  LGC f o r  two main r e a s o n s :  fewer 
wires a c r o s s  t h e  i n t e r f a c e ,  and l e s s  need to c o o r d i n a t e  u t i l i z a t i o n  
ui' a computer among m u l t i p l e  users .  Fur the rmore ,  t h e  LGC s o f t w a r e  
has evo lved  i n t o  a h i g h l y  complex o rgan i sm,  w i t h  complex i n s t r u c t i o n s  
and a d d r e s s i n g ,  and t h e  need t o  b e  v e r y  c a r e f u l  i n  u s i n g  t h e  2 K  
words o f  erasable  memory. The new computer would have a l a rge r  
i n s t r u c t i o n  s e t ,  be  eas ie r  t o  program,  have a l l  memory erasable ,  
and o n l y  one main f u n c t i o n  - s u p p o r t  o f  t h e  ATM. 

On t h e  o t h e r  hand,  if t h e  programming o f  t h e  LGC were 
done a t  MIT, t h e r e  would be a la rge  p o o l  o f  e x p e r i e n c e d  LGC 
programmers t o  draw on;  and m o s t  of i t s  software w i l l  be similar 
t o  Apo l lo  s o f t w a r e .  Also,  u s i n g  t h e  LGC means fewer p i e c e s  o f  
hardware t o  manage f o r  A A P .  Nevertheless,  it i s  t h e  judgement of  
t h e  a u t h o r  t h a t  t h e  o v e r a l l  hardware and s o f t w a r e  development  
e f f o r t  f o r  t h e  new computer would be s i g n i f i c a n t l y  eas ie r  t h a n  
d o i n g  t h e  j o b  i n  t h e  LGC. 

C o s t s  and S c h e d u l e s  

Bellcomm d i d  n o t  r e c e i v e  much f i r s t - h a n d  i n f o r m a t i o n  on  
t h i s  s u b j e c t  ( w i t h  r e g a r d  t o  the ATM c o m p u t e r ) ,  b u t  t h e  i m p o r t a n c e  
of t h e  s u b j e c t  d i c t a t e s  i t s  d i s c u s s i o n .  I n  f a c t ,  t h e  main i f  n o t  
t he  o n l y  r e a s o n  f o r  c o n s i d e r i n g  t h e  LGC f o r  t h e  ATM a p p l i c a t i o n  
i s  t h e  p o t e n t i a l  f o r  s a v i n g  money. 
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Based on i n f o r m a t i o n  gathered by MSFC, it a p p e a r s  
t h a t  t h e  c o s t  o f  a n  1/0 box f o r  t h e  LGC p l u s  programming t h e  
new ATM f u n c t i o n s  would be  abou t  t h e  same as t h e  t o t a l  c o s t  o f  
s e v e r a l  new computers ,  t h e i r  1/0 boxes ,  g round checkou t  equipment  
and programming. Es t imates  for t h e  LGC j o b  were o b t a i n e d  from 
Raytheon,  t h e  m a n u f a c t u r e r  o f  t h e  L G C .  Estimates f o r  t h e  new 
computer  came from p r o p o s a l s  s u b m i t t e d  by s e v e r a l  computer  
m a n u f a c t u r e r s .  The c o s t  e s t i m a t e s  f o r  t h e  two a p p r o a c h e s  
a p p e a r  to b e  somewhat i n c o n s i s t e n t ,  p r o b a b l y  due t o  d i f f e r e n c e s  
i n  t h e  r e q u e s t s  t o  which t h e  e s t i m a t e s  were r e s p o n s i v e .  
t h e  a p p a r e n t  i n c o n s i s t e n c y  i s  n o t  enough t o  change t h e  c o n c l u s i o n s  
r e a c h e d .  

However, 

If t h e  LGC computers ,  computer  t e s t  s e t s  and program 
a n a l y s e s  needed f o r  t h e  LGC approach  were n o t  a l r e a d y  a v a i l a b l e  
t o  MSFC from t h e  Apol lo  program, equipment  c o s t s  and s c h e d u l e  
f e a s i b i l i t y  would be  s h a r p l y  impac ted .  I f  e i t h e r  a d d i t i o n a l  
L G C ' s  or ground t e s t  equipment ,  b o t h  of which are complex, and 
v e r y  e x p e n s i v e ,  were needed ,  it would n e a r l y  r u l e  o u t  u s e  o f  t h e  
LGC on c o s t  c o n s i d e r a t i o n s  a l o n e .  S i n c e  t h e  t e s t  equipment  i s  
n o t  p l e n t i f u l  and t h e  c u r r e n t  u s e r s  ( v e n d o r s ,  MIT, MSC, KSC) 
w i l l  p r o b a b l y  have ongoing  r e s p o n s i b i l i t i e s  unde r  A A P ,  it i s  n o t  
o b v i o u s  where equipment t o  be  r e l e a s e d  to MSFC would come from. 

SUMMARY AND CONCLUSIONS 

I n  t h e  e v a l u a t i o n  of f a c t o r s  i n f l u e n c i n g  s e l e c t i o n  of 
a computer  f o r  s u p p o r t  o f  t h e  ATM f u n c t i o n s ,  w e  have r e a c h e d  t h e  
c o n c l u s i o n  t h a t  p r o c u r i n g  a small, new computer c a n  p r o v i d e  
s i g n i f i c a n t  t e c h n i c a l  and o p e r a t i o n a l  a d v a n t a g e s  o v e r  u s i n g  t h e  
L G C .  
and t e s t  equlpment which might a l r e a d y  b e  a v a i l a b l e .  

T h i s  approach  a l s o  seems no more c o s t l y  t h a n  u s i n g  L G C ' s  

1031-PSS-cak 

Attachment  
Appendix--Attendees 

P .  S .  Schaenman 
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Appendix 

A t t e n d e e s  a t  meet ing on J u l y  23 ,  1 9 6 8  a t  MSFC 

M .  Brooks R-ASTR-NG 

E.  Ha Cagle  R-ASTR-BA 

K .  R .  C a r p e n t e r  Bellcomm 

D .  L.  F o r s y t h e  MLA 

H.  Gar re t t  R-ASTR-NDF 

N .  R .  G i l i n o  R-ASTR-S 

J. M .  IgOU I-S/AA 

R .  Ise I - S / A A  

W .  J .  McKinney MS-R 

F. B. Moore R-ASTR-N 

P .  S.  Schaenman Bellcomm 

P .  D .  Schrock MLT 

C .  N .  Swearingen R-ASTR-ND 

2 .  E.  T;yThite P,-ASTF,-?JDF 

A t t e n d e e s  a t  mee t ing  on  J u l y  2 6 ,  1968 a t  NASA H e a d q u a r t e r s  

K .  R .  C a r p e n t e r  Bellcomm 

J .  H .  D i she r  MLD 

D .  L .  F o r s y t h e  MLA 

M .  Savage MLT 

P.  S .  Schaenman Bellcomm 

P .  D .  Schrock MLT 


